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(54) TERAHERTZ WAVE GENERATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily switch a frequency spectrum. 
SOLUTION: The terahertz wave generator uses an optical switch element 
1 provided with an optical switch array composed of plural optical switches 
10a-10f to supply different delay time to optical pulses made incident on 
the respective optical switches. By the constitution capable of switching 
the value or polarity of a voltage applied to the optical switches 10a-10f by 
a voltage controller 2, the terahertz wave generator capable of 
instantaneously switching the frequency spectrum of terahertz waves to be 
obtained is realized. Such a terahertz wave generator can be applied to 
various devices such as a terahertz wave spectroscope unit capable of 
efficiently performing measurement for instance. 
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* NOTICES* . 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the terahertz wave generator equipped with the optical switch component which has the optical switch 
array which serves as the light pulse light source which generates a light pulse from two or more optical switches. A 
light pulse generating means to correspond to said two or more optical switches, and to make said light pulse divide and 
transmit, respectively, The terahertz wave generator characterized by having a light pulse delay means to give a specific 
time delay to said light pulse by which incidence is carried out to said two or more optical switches, respectively, and an 
armature-voltage control means to control the value of an electrical potential difference and polarity which are 
impressed to said two or more optical switches, respectively. 

[Claim 2] Said optical switch array of said optical switch component is a terahertz wave generator according to claim 1 
characterized by being constituted in the shape of [ which consists of two or more trains ] a two dimensional array. 



[Translation done.] 
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* NOTICES* 4) ^ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION ^ 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the terahertz wave generator which is the electromagnetic wave of the 

frequency the circumference of ITHz (terahertz). 

[0002] 

[Description of the Prior Art] The electromagnetic wave field (a terahertz wave field, for example, an about 100GHz - 
lOTHz frequency domain, is pointed out) of the frequency the circumference of ITHz (terahertz) is a frequency domain 
located in the boundary of a light wave and an electric wave. Such a frequency domain is comparatively behind in 
development of the light source, a detector, etc., and there are many uncivilized parts even in a technical side or an 
application side. Although the terahertz wave generator which is the small and simple light source is indispensable if it 
says from the point of the application on industry especially, development of such the light source using an optical 
switch component is being furthered in recent years. By the approach by the oscillator of an electrical circuit, although 
electromagnetic wave generating of a terahertz wave field is difficult, the light source of electromagnetic wave 
generating of this field is realizable by modulating a current using pulse-like light (as reference, there is for example, 
"Laser Society of Japan seminar report RTM-96-7 p.39-44" (1996) "optical [ 26 volume / No. 2 ] p.86-92" (1997)). 
[0003] The block diagram of an example of the optical switch component 1 conventionally used for terahertz wave 
generating at drawing J 5 is shown. With this optical switch component 1, the parallel transmission line 12 which 
consists of the transmission lines 12a and 12b is formed on the substrate 15 of the semi-conductor which carries out a 
high-speed response and the photoconduction thin films 16, such as the low dental-curing length GaAs, such as GaAs, 
and the single optical switch 10 which becomes a part for that center section from a very small dipole antenna is formed. 
There is a very small gap 1 1 of about several micrometers in the center of an optical switch 10, and a suitable electrical 
potential difference is impressed to a gap 1 1 by DC power supply 21 . If it carries out incidence between this gap 1 1 , 
using the laser beam of energy higher than the band gap of a semi-conductor as a light pulse, in a semi-conductor, a free 
carrier will be generated, a pulse-like current will flow and a terahertz wave will be generated according to the current 
of the shape of this pulse. 

[0004] Moreover, it is a frequency fO by arranging the optical switch array which consists of an optical switch of N 
individual. An incident light pulse to frequency NfO The equipment which generates a terahertz wave is shown in US 
No. 5401953 official report. The block diagram of such an optical switch component 1 is shown in draw jng_I6 . It is 
formed on the optical medium 50 which has the specific refractive index which is the wedge mold with which the plane 
of incidence of a light pulse inclined at the include angle theta, two or more optical switches 10 are connected to 
juxtaposition at intervals of D, and this optical switch component 1 is formed. The optical transfer time over the light 
pulse which carries out incidence from the light pulse light source 3 about each optical switch 1 0 by such configuration 
differs from the current transfer time from an optical switch 10 to an outgoing end 17. Frequency fO which carries out 
incidence since the time delay by the sum of these light transfer time and current transfer time arises for every switch A 
light pulse to frequency NfO A terahertz wave can be generated. In addition, some methods of generating a different 
time delay to each optical switch are shown in this US No. 5401953 official report besides the approach of using the 
optical medium 50 of a wedge mold. Moreover, it is not necessary to be necessarily N individual about the number of an 
optical switch. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since the same electrical potential difference as all optical 
switches was impressed in the case of the above equipment using an optical switch array, the frequency spectrum of the 
terahertz wave obtained was restricted. When changing the frequency of a terahertz wave etc. especially, the time delay 
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described above,- for example must be ch^^d. In this case, since the optical mediun^kwill be changed, or the array of 
an optical switch 1 0 will be changed and the configuration of equipment must be cha^W, frequency spectrum of a 
terahertz wave cannot be switched easily. 

[0006] This invention can generate the terahertz wave which has specific frequency spectrum at high effectiveness, and 
aims at offering the terahertz wave generator which can switch frequency spectrum easily. 

[° 007 ] , • 1 V 

[Means for Solving the Problem] In order to attain such an object, the terahertz wave generator according to claim 1 by 

this invention It is the terahertz wave generator equipped with the optical switch component which has the optical 

switch array which serves as the light pulse light source which generates a light pulse from two or more optical 

switches. A light pulse generating means to correspond to two or more optical switches, and to make a light pulse divide 

and transmit, respectively, It is characterized by having a light pulse delay means to give a specific time delay to the 

light pulse by which incidence is carried out to two or more optical switches, respectively, and an armature- voltage 

control means to control the value of an electrical potential difference and polarity which are impressed to two or more 

optical switches, respectively. 

[0008] In the terahertz wave generator using the optical switch component which has an optical switch array by two or 
more optical switches, the terahertz wave of a specific frequency domain can be efficiently generated by setting the time 
delay given to the light pulse which carries out incidence as the value which changes to each optical switch with light 
pulse delay means. In such equipment, it becomes possible to switch the frequency spectrum of the terahertz wave 
obtained easily by installing an armature- voltage control means by which the value of an electrical potential difference 
and polarity which are further impressed to an optical switch can be controlled and changed, and switching an electrical 
potential difference. 

[0009] Moreover, the optical switch array of an optical switch component is characterized by being constituted in the 
shape of [ which a terahertz wave generator according to claim 2 becomes from two or more trains in a terahertz wave 
generator according to claim 1 ] a two dimensional array. 

[0010] In the configuration which serves as an antenna for an optical switch to generate and output a terahertz wave, by 
considering as the array of the optical switch array of the shape of a two dimensional array which consists of two or 
more-train two or more trains instead of a 1 -dimensional optical switch array, generating / output location of a terahertz 
wave can prevent 1 -dimensional the thing spread-like, and the terahertz wave generator more near the point light source 
can be realized. 

[0011] , . 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the terahertz wave generator by this invention 
is explained to a detail with a drawing. In explanation of a drawing, the same sign is given to the same element, and the 
overlapping explanation is omitted. Moreover, the rate of a proportion of a drawing is not necessarily in agreement with 
the thing of explanation. 

[0012] The block diagram of 1 operation gestalt of the optical switch component using the optical switch array in 1x6 
arrays used for the terahertz wave generator applied to this invention at drawing 1 and an armature- voltage control 
means is shown. The optical switch component 1 in this operation gestalt consists of six optical switches 10a- 1 Of which 
consist of very small dipole antennas installed between the parallel transmission line 12 which consists of the 
transmission lines 12a and 12b, and the transmission lines 12a and 12b. It connects in common to all the optical 
switches lOa-lOf, and transmission-line 12a is connected to the armature- voltage control equipment 2 which is an 
armature-voltage control means by lead wire 20. On the other hand, transmission-line 12b is divided to each optical 
switches 10a-10f, and each is connected to armature- voltage control equipment 2 by lead wire 20a-20f. The electrical 
potential difference impressed to optical switches lOa-lOf by armature- voltage control equipment 2 can be respectively 
set up and controlled by such configuration separately. In addition, the same thing as usual is used about the substrate 
used for an optical switch component. 

[0013] Each optical switches lOa-lOf also have the function as an antenna which outputs a terahertz wave, and like the 
developmental mechanics of a terahertz wave shown in drawj„ngi 5 about the single optical switch, if the light pulse 
from the light pulse light source (not shown) carries out incidence, a pulse-like current will flow, and a terahertz wave is 
generated and outputted by it from each optical switches 1 0a- 1 Of. 

[0014] The armature- voltage control equipment 2 in this operation gestalt consists of DC power supplies 21a, 21b, and 
21c and a switch 22. Ground connection of the transmission-line 12a is carried out. On the other hand, the terminal by 
the side of transmission-line 12b of optical switches 10a, 10c, and lOe is connected to the same DC-power-supply 21a, 
and the same electrical potential difference is supplied. Moreover, by connecting with either of DC power supplies 21b 
and 21c which are connected to the switch 22, and are connected so that an electrical-potential-difference polarity may 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 6/25/2004 



Page 3 of 7 

be opposing, and switching the connecti^^ie terminal by the side of optical switcl^fcOb lOd, and lOf ] 
transmission-line 12b is set up so that the polarity of the electrical potential differencWipplied can be switched. In 
addition, a switch 22 is good also as a configuration controlled by the switch control circuit 25. 
[001 5] The block diagram of 1 operation gestalt of the optical switch component using the optical switch array in 2x3 
arrays used for the terahertz wave generator applied to this invention at drawing 2 and an armature-voltage control 
means is shown. The optical switch component 1 in this operation gestalt consists of the parallel transmission line 12 
which consists of the transmission lines 12a, 12b, and 12c, and six optical switches 10a- 1 Of which consist of very small 
dipole antennas. Optical switches 10a, 10b, and 10c are installed among the transmission lines 12a and 12b, and, as for 
optical switches lOa-lOf, optical switches lOd, lOe, and lOf are installed among the transmission lines 12b and 12c. 
Moreover, in this operation gestalt, each transmission lines 12a, 12b, and 12c are not divided, but are respectively 
connected to armature-voltage control equipment 2 by lead wire 20a, 20b, and 20c. 

[001 6] Although a light source location spreads in one dimension by using the optical switch array by two or more 
optical switches when an optical switch considers as the configuration which serves as the antenna which outputs a 
terahertz wave, by considering as the optical switch array of the shape of a two dimensional array as showed the array of 
an optical switch to drawing 2 instead of a 1 -dimensional optical switch array, the range of generating / output location 
of a terahertz wave can be narrowed, and the terahertz wave generator more near the point light source can be realized. 
[0017] The armature- voltage control equipment 2 in this operation gestalt consists of DC power supplies 21a, 21b, and 
21c and a switch 22. Ground connection of the transmission-line 12b is carried out. On the other hand, transmission-line 
12a to which optical switches 10a, 10b, and 10c are connected is connected to DC-power-supply 21a. Moreover, by 
connecting with either of DC power supplies 21b and 21c which are connected to the switch 22, and are connected so 
that an electrical-potential-difference polarity may be opposing, and switching the connection, transmission-line 12c to 
which optical switches lOd, lOe, and 1 Of are connected is set up so that the polarity of the electrical potential difference 
supplied can be switched. In addition, a switch 22 is good also as a configuration controlled by the switch control circuit 
25. 

[0018] In addition, it is possible to consider as various configurations corresponding to a frequency, the required time 
amount number of partitions, etc. of a light pulse which can be set for the optical switch component shown in drawing 1 
and drawing 2 and by which are not restricted to such a thing and incidence is carried out about the configuration of an 
optical switch array which consists of two or more optical switches. Moreover, not only the thing using the switch 
shown in drawing.! and drawing 2 but the thing of various gestalten is possible also about the armature-voltage control 
equipment to the optical switch component shown in drawing 1 and draw ing 2 . Other operation gestalten of the 
armature-voltage control equipment 2 applied to the optical switch component 1 by the optical switch array of the 1x6 
same arrays as what was shown in drawing! at d rawing 1 were shown. With this operation gestalt, each part of 
transmission-line 12b corresponding to optical switches lOa-lOf is connected to DC power supplies 21a-21f which are 
adjustable electrical-potential-difference power sources respectively. Modification of the value of an electrical potential 
difference and a polarity is possible for DC power supplies 21a-21f, and the value of each electrical potential difference 
and polar setting out are controlled by the switch control circuit 25. By this, it can respond to the object, and each 
electrical-potential-difference values Va, Vb, Vc, Vd, Ve, and Vf including the polarity over optical switches lOa-lOf 
can be set up or changed into separate and arbitration. 

[0019] Two adjustable electrical-potential-difference DC power supplies and the switch of a polar switch may constitute 
these DC power supplies 21a-21f. Moreover, if a polar switch is performed using equipment like a function oscillator, a 
switch at kHz-MHz extent or the high speed beyond it is possible for a switch of a switch. It is important in various 
application of a terahertz wave generator for a switch at such a high speed to be possible. Moreover, the switch control 
circuit 25 is good also as a configuration which receives further control by the computer which controls the external 
whole equipment, for example, system of measurement. 

[0020] The terahertz wave generator by this invention has the optical switch component and the armature- voltage 
control means of having a configuration which was described above, the light pulse light source, a light pulse generating 
means, and a light pulse delay means, and is constituted. In such a configuration, incidence of the light pulse to each 
optical switch of an optical switch component is carried out by the light pulse delay means for giving a specific time 
delay to the light pulse by which incidence is carried out to division, the light pulse generating means to transmit, and 
each optical switch in the light pulse from the light pulse light source corresponding to each optical switch. The case 
where what showed 1 operation gestalt of the terahertz wave generator which equipped drawing 4 with those means to 
drawing J. or drawing 3 as an optical switch component 1 is used is shown. In this operation gestalt, the light pulse 
generating means 4 consists of a lens system 41, optical fibers 42a-42f which have the same die length (optical path 
length) respectively, and collimate lenses 43a-43f. The light pulse by which outgoing radiation was carried out from the 
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light pulse light. source* 3 is used as opti^^bers 42a-42f by the lens system 41 divi^^and incidence. It converges 
with collimate lenses 43a-43f respectively, and incidence of the light pulse transmittSWith optical fibers 42a-42f is 
carried out to the light pulse delay means 5. 

[0021] The light pulse delay means 5 consists of optical media 50a-50f. These optical media 50a-50f are installed 
respectively corresponding to the optical switches lOa-lOf of the optical switch component 1. Optical media [ 50a-50f ] 
die length is set up separately, and the die length is la-lf respectively. Thus, a respectively different time delay to the 
light pulse by which incidence is carried out to each optical switch can be given by using the optical medium which has 
the specific refractive index of mutually different die length to each optical switch. Such die length is set up by the 
suitable criteria length 1 like la=l, lb=21., lc=31., ld=4L, le=5L, and lfr=61., in order to generate a terahertz wave, for 
example on a fixed frequency. In the optical path difference of the optical switch which sets to c and adjoins each other, 
at this time, 1 (n-1) and a time delay difference serve as [ rate / of n and light ] 1/c (n-1) in an optical media [ 50a-50f ] 
refractive index. In addition, about setting out of this die length, it is possible to consider as various configurations by 
the terahertz wave which all the time delay differences over the above adjacent optical switches are not restricted to an 
equal, and make the object. Moreover, as long as there is need, the lens system for convergence of a light pulse or 
condensing etc. may be installed between the optical media 50a-50f and optical switches lOa-lOf. 
[0022] Various equipment and means can be applied about the light pulse generating means 4 and the light pulse delay 
means 5, without restricting to what was shown in drawing 4 . For example, about a light pulse delay means, a separate 
optical medium may not be installed in each, but the optical medium processed into one in the shape of Echelon and the 
optical medium processed into the wedge mold from which the optical path length changes continuously may be used. 
Moreover, it is also possible to consider as the configuration which gives the time delay which changes with counts of 
an echo using the Fabry-Perot etalon etc. About the Fabry-Perot etalon, as long as there is need, it may install and two 
glass may be used so that in parallel. In addition, in any case, the lens system for convergence of a light pulse or 
condensing etc. may be installed to the light pulse which was able to give the specific time delay respectively. 
[0023] Moreover, after expanding the cross-sectional area of an incident light pulse according to amplification optical 
system also about a light pulse generating means not using an optical fiber, it is good also as a configuration which 
carries out incidence to a direct light pulse delay means, without dividing and converging and minding an optical fiber 
etc. to each optical switch according to the division optical system by the lens or the mirror. Moreover, when the optical 
medium of a wedge mold is used as a light pulse delay means, for example, after expanding to sufficient size, without 
dividing a light pulse, incidence may be carried out to an optical medium, and an optical switch array may be irradiated 
as a light pulse which has specific time delay difference distribution. Moreover, it is also possible to consider as the 
configuration whose light pulse delay means serves also as a light pulse generating means. 
[0024] Below, the frequency spectrum of the terahertz wave by the terahertz wave generator by this invention to 
generate and its switch are explained. In addition, the time amount wave of a terahertz wave and frequency spectrum 
which are shown below are as a result of [ by simulation ] count. The pulse width of the light pulse which carries out 
incidence assumes the time amount width of face of 50fs extent narrow enough. Moreover, spacing of the calculating 
point of a time amount wave of a terahertz wave was set to about 49 fs(es), and the repeat period of incidence pulsed 
light was set to 50ps(es) (20GHz). However, the calculating point in a time amount wave is illustrating only the required 
point. 

[0025] It is the frequency spectrum obtained by drawing 5 f s showing the terahertz wave obtained when incidence of the 
light pulse is carried out to the conventional terahertz wave generator by the single optical switch shown in drawing 1 5 , 
(a's) carrying out the time amount wave, and (b) carrying out the fast Fourier transform (FFT) of the time amount wave. 
In the time amount wave of a terahertz wave shown in d rawin g 5 (a) obtained at this time, the half-value width of the 
generated terahertz wave is about 98 fs(es). The frequency spectrum shown in drawing^ (b) by such time amount wave 
has the large spectrum distribution centering on about 1.5THz. 

[0026] In the optical switch component 1 using the optical switch array in 1x6 arrays which showed the 1st example 
about the terahertz wave generator by this invention, and were shown in drawing_l , drawing .6 impresses the same polar 
electrical potential difference to two optical switches of optical switches 10a and 10b, and when the time delay 
difference between two optical switches is set as about 781 fs(es) and incidence of the light pulse is carried out, it shows 
the terahertz wave obtained. In the time amount wave shown in drawing 6 (a), two terahertz wave pulses have occurred 
at intervals of about 781 fs(es). Reinforcement has the greatest large peak near about 1.3THz, and, as for the frequency 
spectrum shown in drawing 6 (b) by such time amount wave, the large reinforcement also in the almost double 
frequency domain is obtained. 

[0027] Although drawing 7 shows the 2nd example about the terahertz wave generator by this invention and is the 
almost same conditions as drawing 6 , when reversed to the polarity of the electrical potential difference to which the 
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polarity of the electrical potential differd^mpressed to optical switch 10b is impr^fc by optical switch 10a, the 
terahertz wave obtained is shown. At this time, the 2nd terahertz wave pulse is reversRrwith the polarity reversals of 
applied voltage by the time amount wave shown in d rawing 7 (a). With drawing_6 (b), reinforcement is 0 near about 
1 .3THz and on its almost double frequency reversely, and reinforcement has the greatest large peak near [ the / middle ] 
about 1 .9THz, and, as for the frequency spectrum shown in drawing 7 (b) by such time amount wave, near about 
0.7THz has become the peak of large reinforcement. That is, to the frequency spectrum shown in drawing 6 (b), spacing 
of a peak is mostly shifted by the location of a peak 1/2, and intensity distribution are reversed. Thus, the frequency 
spectrum of the terahertz wave obtained can be switched by having reversed the polarity of the electrical potential 
difference given to optical switch 10b. 

[0028] In the optical switch component 1 using the optical switch array in 1x6 arrays which showed the 3rd example 
about the terahertz wave generator by this invention, and were shown in drawing 1 , drawing 8 impresses the same polar 
electrical potential difference to six optical switches [ lOa-lOf ] optical switches, and when the time delay difference 
between adjacent optical switches is respectively set as about 781 fs(es) and incidence of the light pulse is carried out, it 
shows the terahertz wave obtained. At this time, the width of face of each peak in the frequency spectrum which may be 
shown in drawing 8 (b) is small, and the peak especially with large reinforcement is acquired in about 1 .3THz, about 
2.5THz, and a still higher frequency domain. 

[0029] Although drawing 9 shows the 4th example about the terahertz wave generator by this invention and is the 
almost same conditions as drawing 8 , when reversed to the polarity of the electrical potential difference to which the 
polarity of the electrical potential difference impressed to optical switches 10b, lOd, and lOf is impressed by optical 
switches 10a, 10c, and lOe, the terahertz wave obtained is shown. Like what was shown in drawing_8 (b) also in this 
case, the width of face of a peak is small and the peak especially with large reinforcement is acquired in about 0.7THz, 
about 1 .9THz, and a still higher frequency domain. 

[0030] The frequency spectrum of a terahertz wave can be changed still more variously by changing the conditions of 
terahertz wave generating. In the optical switch component 1 using the optical switch array in 1x6 arrays which drawing 
10 showed the 5th example about the terahertz wave generator by this invention, depend it on the almost same 
conditions as drawing 6 , and were shown in drawing 1 Although the same polar electrical potential difference is 
impressed to two optical switches of optical switches 10a and 10b, when the time delay difference between two optical 
switches is set as about 3124 4 times as many fs(es) as this from about 781 fs(es) in drawing 6 and incidence of the light 
pulse is carried out, the terahertz wave obtained is shown. In the time amount wave shown in drawing_10 (a), two 
terahertz wave pulses have occurred at intervals of about 3124 fs(es). Compared with what showed the frequency 
spectrum shown in drawing .1.0 (b) by such time amount wave to drawing 6 (b), the width of face of each peak is narrow 
mostly one fourth. 

[0031] Although drawing 1 1 shows the 6th example about the terahertz wave generator by this invention and is the 
almost same conditions as drawingj_0 , when reversed to the polarity of the electrical potential difference to which the 
polarity of the electrical potential difference impressed to optical switch 10b is impressed by optical switch 10a, the 
terahertz wave obtained is shown. That is, to the case of drawing 7 , when a time delay difference is changed into 4 
times as many 3 124fs(es) as this, it corresponds. Compared with what was shown in drawing 10 (b) also in this case, 
and the thing similarly shown in drawing 7 (b), the width of face of each peak is narrow mostly one fourth. In addition, 
about reversal of the intensity distribution of the frequency spectrum in drawing JO and drawing JUL , it is the same as 
that of the case of drawing 6 and drawing 7 . 

[0032] Moreover, the terahertz wave which has still more various frequency spectrum can be obtained also about the 
electrical potential difference supplied to each optical switch by changing not only the polarity of an electrical potential 
difference but an electrical-potential-difference value. As the 7th example about the terahertz wave generator by this 
invention, drawi ng 12 shows an example of such a terahertz wave. It applies to the terahertz wave generator which 
shows the optical switch component 1 shown in drawin g 3 here to drawing A . Respectively the electrical-potential- 
difference value supplied to optical switches lOa-lOf Va=+1 V, It is set as Vb=+2V, Vc=+lV, Vd=-lV, Ve=-2V, and 
Vf=-1 V. Optical media [ which give a time delay to the light pulse by which incidence is carried out to optical switches 
lOa-lOf / 50a-50f ] die length was respectively set as la=l, lb=21., lc=31., ld=51., le=61., and lf=71. In addition, at this 
time, the criteria length 1 is set up so that the time delay difference of the light pulse which carries out incidence of the 
optical media [ 50a-50f ] die length to the adjacent optical switches 10a and 10b may be set to about 781 fs(es). Thus, it 
is possible to generate the terahertz wave of various frequency spectrum according to the object by changing the value 
of the electrical potential difference set as each optical switch, a polarity, and the time delay given to the light pulse 
which carries out incidence. 

[0033] According to the terahertz wave generator by this invention, the terahertz wave which has completely different 
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frequency spectrum which intensity di^^tion reversed can be generated by switq^^ the polarity of the electrical 
potential difference supplied to each optical switch etc. This switch can be dramatic!^ carried out to a high speed with 
the switch to be used, as mentioned above. A different terahertz wave spectroscope from the former is realizable by 
considering as the application of the terahertz wave generator by this invention, for example, using the property about 
such a frequency spectrum switch. 

[0034] The configuration of 1 operation gestalt of the terahertz wave spectroscope using the terahertz wave generator by 
this invention is shown in drawing 13 . In addition, about the fundamental configuration of a spectroscope, it is the same 
as that of what is shown in "optical [ 26 volume / No. 2 ] p.86-92" (1997) almost. 

[0035] It is reflected by the reflective mirror 3 1 and incidence of the light pulse by which outgoing radiation was carried 
out from pulse laser 3a which is the light pulse light source is carried out to the light pulse generating means 4. A 
specific time delay is given to the light pulse which incidence is carried out to the light pulse delay means 5, and carries 
out incidence to each optical switch, incidence of the light pulse divided and transmitted with the light pulse generating 
means 4 is carried out to the optical switch component 1 which has the optical switch array which consists of two or 
more optical switches, and a terahertz wave is generated. The value of an electrical potential difference and polarity 
which are impressed to each optical switch of the optical switch component 1 are controlled by armature-voltage control 
equipment 2. 

[0036] Incidence and passage of the generated terahertz wave are done at the sample eel 61 into which sample 61a went 
by the outgoing radiation lens 64 and the off-axis-paraboloid mirror 65, and optical switch component 6a for reception 
completes and irradiates with the off-axis-paraboloid mirror 66 and the receiving lens 67. In addition, an outgoing 
radiation system and a receiving system are installed in the interior of envelopes 62 and 63, and in order to remove 
absorption by the steam in the air under propagation of a terahertz wave, the interior of envelopes 62 and 63 is made 
into a vacuum, or is filled with desiccation nitrogen. Moreover, after an incident light pulse branches with a half mirror 
33 and has timing adjusted by the timing adjustment mirror 34 and the movable timing adjustment mirror 35, incidence 
of it is carried out to optical switch component 6a for reception as a detection light for measurement through the 
reflective mirror 32. In addition, in order to know only absorption by sample 61a by measurement, measurement only by 
the eel when emptying the sample eel 61 is performed in advance, and it opts for absorption by sample 61a from the 
difference of the data and the data when putting in sample 61a. 

[0037] Here, the case where the terahertz wave shown in drawing 8 or drawing.9 is generated is described using what 
was shown in drawing 1 as an example as the optical switch component 1 and armature- voltage control equipment 2 by 
setting the time delay difference between adjacent optical switches to 781fs(es). When the terahertz wave which has a 
peak in 1 .3THz shown in drawing 8 and 2.5THz when the polarity of the electrical potential difference impressed to 
optical switches 10b, lOd, and lOf is made the same as the polarity of the electrical potential difference by which optical 
switches 10a, 10c, and lOe are impressed at this time reverses a polarity again, outgoing radiation of the terahertz wave 
which has a peak in 0.7THz shown in drawing 9 and 1 .9THz is carried out from the optical switch component 1 . 
[0038] As a current, reading appearance of the terahertz wave received by optical switch component 6a for reception is 
carried out, and it is inputted into a processor 73 by the ammeter 71 through the lock-in amplifier 72. A processor 73 
performs required processing of displaying and recording the inputted data. Although a polar switch of the electrical 
potential difference given to an optical switch is performed by armature-voltage control equipment 2, the reference sign 
about this switch is also given to the lock-in amplifier 72 as shown in drawing 13 . By this, the lock-in amplifier 72 
detects synchronizing with a reference sign. 

[0039] Considering the case where it is the matter in which remarkable absorption is shown to the terahertz wave whose 
sample 61a is 1 .3THz at this time, such sample 61a shows a completely different absorption property, when a polarity is 
switched. That is, when a polarity is reversed, it is made to penetrate to attenuating a 1.3THz terahertz wave greatly, 
when a polarity is made the same, without attenuating a terahertz wave (0.7THz and 1.9THz) not much. Thus, it 
becomes possible to perform measurement about a more positive sample for a short time by carrying out continuously 
only by switching an electrical potential difference, without changing equipment for the measurement about the 
frequency band in which a completely different absorption property is shown, and investigating the response to them. 
Such spectrometry will not become possible without the terahertz wave generator by this invention. 
[0040] The configuration of other operation gestalten of the terahertz wave spectroscope using the terahertz wave 
generator by this invention is shown in drawing 14 . In this operation gestalt, it is characterized by using bolometer 6b 
for reception of a terahertz wave. Bolometer 6b is the light-intensity detector of a thermal type, and detects the terahertz 
wave which received as a temperature rise of bolometer 6b. In this case, the information about the frequency of a 
terahertz wave etc. cannot be acquired, but only the received terahertz wave reinforcement is obtained. Although the 
time response of bolometer 6b is late compared with an optical switch, it can measure efficiently the output difference 
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potential difference by armature-voltage control equipment 2 according to the respoiwtime, and giving the reference 
sign from armature-voltage control equipment 2 to the lock-in amplifier 72. 

[0041] In addition, in the terahertz wave spectroscope shown in drawing 13 and drawing 14 , it is good also as a 
configuration which is not restricted to such a configuration and is different according to equipment configurations, such 
as the installation approach of the sample eel 61, about the configuration of the optical system which consists of the 
outgoing radiation lens 64, off-axis-paraboloid mirrors 65 and 66, and a receiving lens 67. 

[0042] Application of the terahertz wave generator by this invention can be applied to various equipments, without 
restricting to the terahertz wave spectroscope shown in drawing 1 3 and drawing 1 4 . Moreover, also about the 
measuring method of a terahertz wave, it is not restricted to an optical switch component and a bolometer, but various 
measuring methods and equipment can be used according to the object. For example, it is possible to use the EO 
sampling method for using the electro-optical effect (the EO effectiveness, Electro Optic effect) which changes when 
the refractive index of electro-optics crystals, such as a ZnTe crystal, irradiates a terahertz wave. For example, the beam 
profile of the terahertz wave by which the terahertz wave read to the electro-optics crystal by which incidence is carried 
out, and was modulated by change of the refractive index of an electro-optics crystal in light incidence and by making it 
penetrate and measuring the output image with a CCD camera etc. and which read and passed the electro-optics crystal 
by light can be obtained. 
[0043] 

[Effect of the Invention] The terahertz wave by this invention acquires the following effectiveness, as explained to the 
detail above. That is, the terahertz wave generator which can switch easily the frequency spectrum of the terahertz wave 
obtained when a light pulse is irradiated is realizable by having the armature-voltage control means which can switch 
the value of an electrical potential difference and polarity which are impressed to two or more optical switches formed 
in the optical switch component. Moreover, by arranging an optical switch array to the two dimensional array which 
consists of two or more trains instead of one dimension, generating / output location of a terahertz wave can be 
narrowed, and it can consider as the terahertz wave generator more near the point light source. 
[0044] Such a terahertz wave generator that has the property which was excellent about especially the switch of 
frequency spectrum can be applied to various equipments using a terahertz wave, such as a terahertz wave spectroscope 
which can analyze a sample certainly and efficiently, for example, etc. 
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1 „ 1 „= 2 1 , l c = 31, 1 „ = 5 1 , 1, = 6L 1 
r =7 IKlftgLfc. ftteCOit, ^»5 0a- 
50 f <D£:Z&. 0 a&tfl 0 b 

[0 03 3]##M«c<fc*^^il/^ai»flaiBB«:J:h 20 
Cim^. CCD^O&Xtt. BuMiU/ci^tc. fflu 

[0 0 3 4 ] 0 1 3tC, ifcl^CC^^-vrt^SSSSk 30 

2 6^2^- p. 86-92 (1997)J &(D£t3: 

C 0 0 3 5 ] %'W*3HS'C&&'*Jt'* U-lf 3 
Hi^^n/c^^JUXti, JSIt$7-3 1 J^JtJ 2 

[0 03 6]^Ucf7^'m ai^U>X6 4 
WW t»I $ 7 - 6 5 tt>^6 la# 
A-?/c-?>:/;u-fe;U6 1 ttA&f ■ iiiSU W^OJSPBffi 
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2M6 3<Dfamt. Tv^^y&OBWitplCteW 

i*^-? 57-3 3tc£oT#&3ft. 

$^-3 4RMr^^^ 5 >^«^ 7-35K: 

<fcor*^>y*PSS;**lfc«. SI^S 7-3 2£t> 

oxmm<Dtc#><D&myc£ ox. &mm%* a v 

6 a(cAft$n-6o 1f>^;u6 1 aKicfc^^iRO 

fr*mfelc&-oX ! MZ>tc*b. ^>y')l^)V6 IZ&lci, 

T-Zt, lf>^;l/6 1 a^An/ci^cD^-^i^M 

t^>^;b6 1 a«:cfc^^^^T6o 
[0 0 3 7 ] CCT, ««fc A v Tmi- 1 StfH 

EEUwmm2toxm\(C7fkotch<o^m^\ mK>^*> 

C<E>£#. *X-f^l0b, 10dW10 

f itctmztizmjEom&z. ^-f^ioa, io 

S8CC^-T1. 3™z&t>*2. 5THzCCt*-^^:^FO 
^T0. 7THz&t>'l. 9THzKlf-^^^Or7^;U^ 
[0 0 3 8] >f ^ ^*^6 a CC J: oT^flS 

n^^^^^att. m^iurm^tt7 i tcx^xm 

CCA^Sft*.. MI7 3«, A^^n/c^-^^a 
^ • ^?Zft£'<D&^tj;$m&7 5 &<DX$>Z> 0 JtT, 

g2tc<fcortf^n^>*^ c(D^]0^xcc^)iir<D#ffB 

mm*, m 1 3CC^"TJ:^«:p ^ ZA^Tls-Jl 2tc4> 
[0 03 9 ] CCDi^. 1t>^Jb6 1 atftttttfl. 3 

#CUJ0. 77>1zRO*l. 9THzC0^7^;b^^*^0 

mLm&*^?mmm&K^x<o®m*. msiZ&w. 
■rz>c±tj:<mmzw*)&z.z>ct<Dz>vmmcxft 

[0 040] 01 4tc t ^^tcj:^^^^;!/^^^ 
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7^l/7M^'D^- * 6 b (D^gJi^i OT^ffi-r 

*>6©#JHMi#*o * * -f >T>:/7 2 CC^iL5 C £ CC 

^©*Eatt«J0ft^«r«r©^P^-^6 b 10 

©UMItJIWttfcfm-r * c ± a*r # * . 

[0 04 1 ] ftfc. 0 1 3&C/01 4CC7nL//cr'^^U 

[0 04 2] *JW«CJ:*^7^Jl/^j(B^»|K<OjSffl 
tt. 01 3ROT1 4«cinUfc^"7^;UU/«^*SCC|R 

Ci«Cj:or»tr*««3l&«W (EOM, Electr 
o Optic effect) ^Jfflt^EOtyy^^^ 

[0 04 3] 

«cwo»^&ci*j-c#^^^^u^i6»^«a^5i^ 40 
w»htiz>2Xjtr iwcc^j-r^c t\ 7^ 

^u?»D«fe * W*tWB**< OX. £ D jS#«cifi 
[0044] WtcjaSHR*'** h »A«:oi»r 

tern* &SBmcj&B a r s c <b arejtrc* 

[Hffi©lffl*ft»W] 50 
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[01 ] *2^KH$6 1X67UYT©*^Y7^ 

[02] xmitcmz 2X37U-/ r wfex >r ? 

[0 3] *«W«C»S 1 X 6 T U -<X<D%X A v 

[04] *»W«c«s^7^l/^i8»*i6S©-ll*^ 

[05] S£3^)7*7^;l/7i^4gl(cJ:oti6n^ 

tt«Fratt^. ( b ) BJSttftx^^ hfrZnk?. 
[0 6] *^W«:J:S^^^^ift»i»SO»l©ll 

[07] *¥mK&zr?^>\>vmt^&<omzon 
[0 8] *^K<t5f"7^'>»»aa!ii©93©s 

[010] *§&W&£Zr5^>\,y&&&£im<Dm5<D 

[011] *mw^&*T?^)\sv&5&mm<Dm§<o 

X$>Z> Q 

[012] fcawcj:*?' ^^l/^«^^g©^7<D 

[013] *«MCCj:-5^^^l/^a«i»ia*«l^ 
[014] ^H^tC^^T-^^^^^^g^ffiC^c 

[015] wfex^ v ?KJ:Zifcjk(!>Tv'^)i<ym 
[0i6] mkoyftx-i v*\ic&zum>r^)vv& 

[IWOBBl 

-y^*^ 10. 10a-10f-^Y^ 
t\ 12a-l 
2c-fcim 1 5-*«. 1 6 1 7 

•■•hmjmi 

2"-ttBEM9PKS. 2 0. 20a-2 0f-»J-Ffi t 
2 1.21 a-2 1 f -flUMaL 2 2-X>f 9 ^. 2 

XU-lf. 3 1, 3 2-S»$v- 3 3-^7 = 7 
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4 1-U>X*. 42a-42f-*77-f 4-ffl»U>X, 6 5, 6 6-tt»UttSffi5 7^ 6 

43a^43f-3';y-hU>X, 5 •• -jfe/UU* 7-SfiU>X % 7 1 -SfiaSf\ 72-0»^-f>7> 

iffig^S. 5 0. 5 0a-5 0f-*^l#. 6 a-* 3\ 7 3 
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